The microflora is essential for immune education and amplification of lymphoid effector cells, mainly at the mucosal level. It is well documented that the efficacy of the mucosal immune system can be significantly impaired in germ-free animals (3, 20) . Lactobacilli are members of the normal indigenous microflora (8, 23) , and certain strains of Lactobacillus spp. have been used as probiotics (16) . Recently, the modulation of human innate immune defenses following ingestion of specific lactic acid bacteria (LAB) was reported (25, 35, 37) . Although the interaction between commensal, nonpathogenic bacteria and blood leukocytes seems to be an unusual event, it might occur in definite microenvironments of the mucosal immune system. The M-cell pockets harbor different types of immunocompetent cells, and a limited bacterial translocation through the epithelial barrier cannot be excluded (6, 32) . The capacity to translocate enables bacteria to interact with cells of the immune system.
The investigation of interactions of nonpathogenic bacteria with leukocytes in vitro is of particular interest (i) to evaluate the immunomodulatory capacity of intestinal or food-fermenting bacteria on blood leukocytes and (ii) to investigate if a distinct pattern of immunomodulation can be established for different components of the microflora. In vitro, several species of lactobacilli have been shown to induce cytokines, such as tumor necrosis factor alpha (TNF-␣) and interleukin-12 (IL-12) in human peripheral blood mononuclear cells (PBMC) (18, 28) . IL-12, like gamma interferon (IFN-␥), is an important cytokine implicated in innate defense mechanisms in response to bacteria. Early production of IL-12 by macrophages contributes to effector cell maturation for both natural killer (NK) cells and CD8 ϩ T cells, leading to a Th1-biased adaptive immune response (4, 5, 17, 26) . The majority of circulating NK cells are CD3 Ϫ CD56 ϩ CD16 ϩ (80 to 90%); a minority are CD3 Ϫ CD56 ϩ CD16 Ϫ (19, 22) . Morphologically they are very large granular lymphocytes and have the ability to migrate into tissues. The vast majority of NK cells are found in the liver, but they can also invade mucosal sites (34) . NK cells provide a first line of defense against tumors, viral infections, and intestinal pathogens and thus have a key role in innate immunity (4, 21, 26) .
This study provides data on the immunostimulatory effect of the nonpathogenic Escherichia coli and Lactobacillus (LAB) strains of human intestinal or fermented food origin, such as Lactobacillus johnsonii La 1 and Lactobacillus sakei LTH 681, on human peripheral blood mononuclear cells (PBMC) and purified leukocyte supopulations (CD4 ϩ , CD8
ϩ , CD19 ϩ , and CD56 ϩ cells). We present results for a different cytokine patterns induced by gram-negative and gram-positive bacteria and show evidence that NK cells constitute primary targets for bacterially mediated activation.
MATERIALS AND METHODS
Bacteria. The gram-negative, nonpathogenic E. coli K-12 LTH 634 (strain collection of the Institute of Food Technology, University of Hohenheim) was grown in brain heart infusion broth at 37°C. The gram-positive L. johnsonii La 1 (Nestlé strain collection) of human intestinal origin was cultivated in MRS broth (7) without acetate at 37°C. L. sakei LTH 681, isolated from fermented food, was grown in the same broth at 30°C. All bacteria were harvested by centrifugation (3,000 ϫ g, 15 min) at stationary growth phase (24 h). Bacteria were washed three times with phosphate-buffered saline (PBS) (1ϫ, pH 7.2; Gibco BRL) and subsequently diluted to final concentrations of 10 5 and 10 6 CFU/ml in RPMI 1640 (Gibco BRL) medium containing 20% native human AB serum (Sigma). Bacteria were either heat killed (100°C, 30 min) or used as live cells. Isolation of human PBMC. Human PBMC were purified from buffy coats (Blood Transfusion Centre, Lausanne, Switzerland) using Ficoll-Hypaque (1077; Pharmacia) gradient centrifugation. PBMC were harvested from the interface, washed five times with RPMI 1640, and diluted in RPMI 1640 containing 20% native human AB serum to a final concentration of 2 ϫ 10 6 /ml. Purification of lymphocyte subpopulations. PBMC were incubated in RPMI 1640-20% fetal calf serum (FCS) for 1.5 h at 37°C and 5% CO 2 on 225-cm 2 tissue culture plates (Costar) to allow adherence. Nonadherent peripheral blood lymphocytes (PBL) were separated from adherent cells by aspiration. Adherent cells were gently washed three times with prewarmed culture medium, harvested by using a rubber policeman (Costar), and used as monocytes/macrophages. Thereafter, PBL were washed with RPMI 1640. CD4 ϩ , CD8 ϩ , and CD19 ϩ lymphocyte subsets were purified from PBL by magnetic cell sorting (MACS) using a positive selection technique. Briefly, the PBL suspension was labeled with CD4 ϩ , CD8 ϩ , and CD19
ϩ MACS microbeads (Miltenyi Biotec) for 10 min at 4°C, washed once with 1ϫ PBS-5% FCS, and dissolved in 1 ml of PBS-5% FCS. Labeled cells were then transferred to a high-gradient magnetic separation column placed in a magnetic field. After four washings with PBS-5% FCS, positive labeled cells remained on the column while nonlabeled cells passed through. After removal of the columns from the magnetic field, the labeled cells were recovered by elution. NK cells were isolated by an indirect magnetic labeling system according to the supplier's protocol (Miltenyi Biotec). The purity was controlled by flow cytometry analysis (FACScan; Becton Dickinson) analysis using fluorescein isothiocyanate (FITC)-phycoerythrin (PE)-labeled anti-CD4/CD8 (Becton Dickinson) monoclonal antibody (MAb), FITC-labeled anti-CD19 MAb (Becton Dickinson), FITC-labeled anti-CD56 MAb (Becton Dickinson), and PE-labeled anti-CD3 MAb (Becton Dickinson). The purities of isolated lymphocyte subpopulations ranged between 94 and 98%. Finally, purified lymphocyte subsets were diluted in cell culture medium as described above to a final density of 2 ϫ 10 6 /ml. Stimulation of PBMC or lymphocyte subsets. Freshly isolated PBMC or purified lymphocyte subsets were seeded at 2 ϫ 10 6 /ml (2 ml) into six-well tissue culture plates, and 2 ml of bacterial suspension was added to each well. For the stimulation, the final ratio between PBMC and bacteria (live or heat-killed) was 1:1 or 10:1. For control treatment, lipopolysaccharide (LPS; E. coli serotype O55:B5; 1 g/ml; Sigma) or culture medium alone was added to the PBMC suspension. To determine the cytokine expression by PBMC, the samples were incubated in the absence of antibiotics for 2, 6, and 16 h at 37°C and 5% CO 2 . Subsequently, PBMC were collected, washed in cold PBS, and centrifuged and the cell pellet was lysed in guanidinium isothiocyanate denaturation solution. Cellular lysates were kept at Ϫ20°C until further processing. Cell culture supernatants were collected separately and kept at Ϫ20°C for cytokine analysis using the enzyme-linked immunosorbent assay (ELISA) technique. For flow cytometric analysis, PBMC were challenged by bacterial suspensions, LPS (E. coli serotype O55:B5; 1 g/ml; Sigma), or phytohemagglutinin (PHA; 10 g/ml; Sigma) for 3 and 5 days in the presence of gentamicin (125 g/ml; Gibco BRL).
Expression of activation antigens on PBMC or lymphocyte subsets. PBMC, purified CD4 ϩ , CD8 ϩ , and CD19 ϩ lymphocytes, and CD3 Ϫ CD56 ϩ NK cells (10 6 cells/ml) were stimulated for 3 or 5 days with live bacteria (10 6 cells/ml), PHA (10 g/ml), or LPS (1 g/ml) as described above. To prevent bacterial overgrowth, gentamicin (125 g/ml) was added to the culture medium. Thereafter, cells were washed (Cell Wash; Becton Dickinson) and double stained with directly conjugated MAb CD69-FITC or CD25-FITC and CD4 Ϫ CD8 Ϫ CD19 Ϫ CD56 Ϫ PE (Becton Dickinson) for 30 min on ice, washed two times, centrifuged, and resuspended in Cell Wash (Becton Dickinson). The percentage of CD69-or CD25-positive cells within the lymphocyte subpopulations was compared to that for nontreated cells using flow cytometry (FACScan; Becton Dickinson).
Priming of monocytes with nonpathogenic bacteria. Monocytes/macrophages were incubated with 10 6 CFU of live E. coli, L. johnsonii, or L. sakei/ml for 12 h, harvested by scraping, and washed three times with PBS buffer. Cell viability was controlled by trypan blue exclusion and was generally Ͼ90%.
Cocultivation of purified NK cells with primed macrophages. Purified CD56 ϩ CD3 Ϫ NK cells (10 6 /ml) were incubated in the presence of gentamicin (125 g/ml) with (i) bacterially primed monocytes (5 ϫ 10 5 cells/ml), (ii) a mixture of nonprimed monocytes (5 ϫ 10 5 cells/ml) and live bacteria (10 6 CFU/ml), or (iii) bacteria alone (10 6 CFU/ml). Incubation of NK cells and untreated monocytes (5 ϫ 10 5 cells/ml) served as a control. To characterize to what extent cell-to-cell interaction is involved in the activation of NK cells by nonpathogenic bacteria, NK cells were coincubated with bacterially primed monocytes separated by cell culture inserts (pore size, 0.4 mm). After 3 and 5 days of stimulation, the percentage of CD69-or CD25-positive NK cells in the basolateral compartment was compared to that for noncocultured NK cells using flow cytometry. Supernatants were frozen for ELISA analysis.
RNA extraction and amplification by RT-PCR. Total RNA from PBMC or leukocyte subpopulations was isolated using the acid guanidinium thiocyanatephenol-chloroform method (Micro RNA isolation kit; Stratagene). cDNA was synthesized from RNA by reverse transcription (RT) of 0.5 g of total RNA at 42°C for 30 min using specific 3Ј priming, a 1 mM concentration of each deoxynucleoside triphosphate, and 2.5 U of murine leukemia virus reverse transcriptase (Perkin-Elmer)/ml. PCR amplification was performed using Taq polymerase (Perkin-Elmer) and specific primers coding for the human cytokines TNF-␣, IL-12, IL-10, IFN-␥, and ␤-actin in a total volume of 50 l. Thermocycles were run at 94°C (1 min), 94°C (1 min), 60°C (1 min), and 72°C (1 min) for 30 cycles. PCR products were analyzed on 2% agarose gels. The oligonucleotide primers used were as follows: TNF-␣ (5Ј), 5Ј-CAGAGGGAAGAGTTCCCCA G-3Ј and (3Ј) 5Ј-CCTTGGTCTGGTAGGAGACG-3Ј (product length, 324 bp); IL-12 p40 (5Ј), 5Ј-CGTAGAATTGGATTGGTATCCGG-3Ј and (3Ј) 5Ј-GCTC TTGCCCTGGACCTGAACGC-3Ј (product length, 702 bp); IFN-␥ (5Ј), 5Ј-AT ATCTTGGCTTTTCAGCTC-3Ј and (3Ј) 5Ј-CTCCTTTTTCGCTTCCCTGT-3Ј (product length, 489 bp); IL-10 (5Ј), 5Ј-TGATGTCTGGGTCTTGGTTC-3Ј and (3Ј) 5Ј-GCCTAACATGCTTCGAGATC-3Ј (product length, 204 bp); and ␤-actin (5Ј), 5Ј-GGCGACGAGGCCCAGGAGCAAGAGAGGCATC-3Ј and (3Ј) 5Ј-CGATTTCCCGCTCGGCCGTGGTG-GTGAAGC-3Ј (product length, 460 bp).
Proliferation assay. PBMC or purified lymphocyte subsets were diluted in complete RPMI 1640 medium to a final concentration of 10 5 /ml. The PBMC suspension was then transferred to 96-well flat-bottom culture plates (Costar), and 100 l of RPMI 1640 medium containing 2 ϫ 10 4 to 2 ϫ 10 7 CFU of bacteria/ml, LPS (2 g/ml), or PHA (20 g/ml) was added. Cells were stimulated in the presence of gentamicin (125 g/ml) for 3 and 5 days at 5% CO 2 ELISA. Cytokine concentration in cell culture supernatants (IFN-␥, IL-10, IL-12 p70, and TNF-␣) was determined after 16 h of bacterial stimulation using ELISA (ImmunoKontact). Dose-response experiments performed for each cytokine indicated that maximal secretion was obtained with 10 6 CFU of bacteria/ ml, corresponding to a ratio of 1:1 (bacteria to PBMC). This concentration was used in further experiments.
Statistics. Values are given as the means of triplicate measurements Ϯ standard deviations (SD). Results were confirmed for at least three different blood donors in independent experiments. The significance was tested by applying the Mann-Whitney U test.
RESULTS

Gram-positive and gram-negative nonpathogenic bacteria differentially induce cytokine expression in human PBMC.
Freshly isolated PBMC were stimulated by nonpathogenic gram-positive L. johnsonii or L. sakei or gram-negative E. coli at a ratio of 1:1 (live or heat-killed bacteria to PBMC) for 2, 6, and 16 h in RPMI 1640-10% human AB serum. No bacterial overgrowth of the antibiotic-free cultures was detected at the given time point as controlled by the plating or nonacidification of the culture medium (phenol red indicator). RT-PCR analysis of total RNA extracted from PBMC after stimulation showed an early induction (2 h) of gene transcripts for IFN-␥ by both Lactobacillus strains. The level of induction was increased within 6 h and stayed high at 16 h. In contrast, the E. coli-mediated IFN-␥ mRNA induction was very low at the early time points and was completely abrogated at 16 h. LPS did not induce IFN-␥ mRNA at any time point investigated (Fig. 1, right) . The amount of IFN-␥ secreted into cell culture supernatants was determined after 16 h of bacterial stimulation using ELISA techniques. The predominant induction of IFN-␥ in human PBMC by the two LAB strains was also confirmed at the secretory level, where significant amounts of IFN-␥ (1,500 pg/ml) were detectable in cell culture supernatants compared to the amounts induced in E. coli-(200 pg/ml) or LPS-stimulated PBMC. Soluble LPS was unable to induce IFN-␥, confirming the results obtained by RT-PCR analysis (Fig. 1, left) .
In contrast to IFN-␥, IL-12 p40 mRNA was strongly induced by all bacterial treatments after 6 and 16 h, with higher levels of induction for lactobacilli. E. coli and LPS, although weaker, induced significant IL-12 p40 mRNA levels compared to the untreated control (Fig. 2, right) . However, IFN-␥ secretion was exclusively induced by LAB. Neither E. coli nor soluble LPS (1 g/ml) induced any secretion of IL-12 p70 above background levels (Fig. 2, left) . A distinct induction of IL-10 mRNA was observed only at 6 h with the E. coli treatment. At 16 h, IL-10 mRNA was induced by all bacteria except L. sakei. Notably, IL-10 transcripts were also expressed in untreated PBMC. The analysis of secreted IL-10 in cell culture supernatants provided more conclusive results: only the gram-negative E. coli and gram-negative bacterium-derived soluble factor LPS (P Ͻ 0.001) were potent stimulators of IL-10 secretion, probably by direct activation of macrophages (Fig. 3) . Whereas for the other cytokines no differences in the stimulatory activities of live and heat-killed bacteria used at the same concentration could be observed, IL-10 secretion by PBMC was significantly greater with live than with heat-killed E. coli (P Ͻ 0.01). No differences in the amounts of TNF-␣ production (7,000 pg/ml for bacteria, 3,500 pg/ml control) following the stimulation of PBMC with the different bacterial strains could be observed (data not shown).
Expression of activation antigens CD69 and CD25 (IL-2R␣ chain) on PBMC upon bacterial challenge. CD69, a marker of leukocyte activation, was determined on lymphocyte subsets (CD4 ϩ , CD8 
cells) and to a lesser extent on CD8
ϩ cells (12 to 15%). CD4 ϩ and CD19 ϩ cells remained unresponsive to bacterial stimulation. The mitogenic stimulus PHA (10 g/ml) preferentially activated CD4 ϩ and CD8 ϩ T cells, demonstrating the general responsiveness of T lymphocytes (Fig. 4) . The induction of the IL-2R␣ chain (CD25) constitutes an important step in the generation of high-affinity IL-2R, necessary to enter cell cycling, followed by proliferation. As for the expression of CD69, we detected the expression of CD25 after bacterial treatment only on NK cells at day 5 poststimulation. The highest level of expression was observed with L. johnsonii (P Ͻ 0.05 compared to that for E. coli). T and B cells remained unresponsive to bacterial activation, although the response to PHA was normal (Fig. 5) .
Bacterially mediated induction of proliferation in human PBMC and purified NK cells. Proliferation of PBMC was determined after 3 and 5 days of stimulation with LAB strains, E. coli, LPS (1 g/ml), or PHA (10 g/ml) by measuring [ 3 H]thymidine incorporation. As shown in Fig. 6 , all bacteria (live cells) induced significant proliferation of PBMC after 5 days of culture. L. johnsonii was the strongest effector, producing levels comparable with the levels obtained with the mitogenic stimulus. For the stimulation of lymphocyte subsets L. johnsonii and E. coli were chosen as representative gram-positive and gram-negative strains, respectively. Stimulation of purified CD4 ϩ , CD8 ϩ , and CD19 ϩ lymphocytes did not result in proliferation with any of these strains (data not shown). However, purified CD3 Ϫ CD56 ϩ NK cells proliferated upon bacterial stimulation for 5 days, although the proliferative response was 10 times lower than that for total PBMC, suggesting that (i) only a subpopulation of NK cells was stimulated by bacteria or LPS or (ii) stimulation with bacteria alone was suboptimal. L. johnsonii had a significantly greater stimulatory effect than E. coli and LPS (P Ͻ 0.05) (Fig. 7) . Experiments performed with heat-killed bacteria in the absence of gentamicin exhibited results similar to those for live bacteria (data not shown).
Activation of human NK cells by bacteria requires direct contact and is dependent on the presence of accessory cells.
The results for activation antigens and proliferation demonstrated that NK cells can in fact be partially activated by direct contact to bacteria. However, the weak proliferative response observed in the purified NK cell population could reflect the need for accessory cells, such as macrophages, which were present in the PBMC bulk cultures. Therefore, to study the dependence of NK cell activation by bacteria on accessory cells, purified CD3 Ϫ CD56 ϩ NK cells (10 6 /ml) were stimulated ϩ , and CD19 ϩ ) and NK cells (CD3 Ϫ CD56 ϩ ). PBMC (10 6 /ml) were stimulated with live E. coli, L. johnsonii, and L. sakei cells (10 6 CFU/ml) and LPS (1 g/ml). PHA (10 g/ml) and culture medium were used as controls. FACS analysis was performed to determine CD69 expression on lymphocyte subsets (CD4 ϩ , CD8 ϩ , and CD19 ϩ ) and NK cells (CD3 Ϫ CD56 ϩ ) after 3 days of stimulation. Gentamicin (125 g/ml) was added to the cultures. Values are means of duplicate measurements and represent one of three independent experiments.
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(i) directly with L. johnsonii or E. coli (10 6 CFU/ml), (ii) with macrophages previously primed (12 h) with the same bacterial strains, and (iii) with a mixture of macrophages and bacteria. Finally, the percentages of activated NK cells expressing CD25 were determined after 3 and 5 days of culture (gentamicin at 125 g/ml) (Fig. 8) . Whereas E. coli did not stimulate NK cells above the levels of control treatments (untreated cells, NK cells, and macrophages), L. johnsonii alone induced suboptimal expression of CD25 on NK cells. This expression was increased in the presence of macrophages (primed or in combination with live bacteria). Selective activation of NK cells by L. johnsonii could be further documented by the production of IFN-␥ following stimulation with primed macrophages (936 pg/ml) or macrophages and live bacteria (1,321 pg/ml). In contrast, E. coli remained unable to stimulate IFN-␥ secretion in NK-macrophage cocultures above control levels (400 pg/ ml). It is noteworthy that the induction of the cytokine response was dependent on the presence of macrophages and bacteria, as direct stimulation of NK cells with bacteria alone did not result in IFN-␥ secretion (Fig. 9) . Separation of primed FIG. 5 . Expression of the cellular activation antigen CD25 (IL-2R␣ chain) on lymphocyte subsets (CD4 ϩ , CD8 ϩ , and CD19 ϩ ) and NK cells (CD3 Ϫ CD56 ϩ ). PBMC (10 6 /ml) were stimulated with live E. coli, L. johnsonii, and L. sakei cells (10 6 CFU/ml) and LPS (1 g/ml). PHA (10 g/ml) and culture medium were used as controls. FACS analysis was performed to determine CD69 expression on lymphocyte subsets (CD4 ϩ , CD8 ϩ , and CD19 ϩ ) and NK cells (CD3 
DISCUSSION
The present study on the direct interaction of nonpathogenic bacteria with human PBMC is based on the assumption that bacteria and immunocompetent cells may physically interact in definite mucosal environments. The epithelial compartment, the lamina propria, and M-cell pockets are potential sites where commensal, nonpathogenic bacteria may encounter immunocompetent cells. It is well documented that M cells promote the interaction between luminal antigens, including bacteria, and immunocompetent cells (32) . The occurrence of limited bacterial translocation to the lamina propria in humans has also been reported (6, 38) . Although PBMC are only partially representative of immunocompetent cells in intestinal mucosal compartments, phenotypical similarities with respect to the germ line-encoded receptors involved in the recognition of bacterial antigens on lymphocytes and macrophages, such as pattern recognition receptors (27, 39) , could constitute the link between both populations and thus may provide important indications of the functional aspects of the mucosal immune response to luminal bacteria. We showed that gram-positive and gram-negative nonpathogenic bacteria induced different cytokine patterns in human PBMC. Whereas all bacteria induced TNF-␣ secretion, differences with respect to the induction of the Th1-like cytokines IL-12 and IFN-␥ and the inhibitory cytokine IL-10 were observed. L. johnsonii and L. sakei strongly induced IFN-␥ and IL-12 but not IL-10. In contrast, the gram-negative E. coli and the gram-negative bacteriumderived soluble immunomodulator LPS stimulated preferentially the synthesis of IL-10 and had little or no capacity to induce IFN-␥ or IL-12 in human PBMC. These results are in agreement with reports by Miettinen et al. (28) and MullerAlouf et al. (31) comparing different nonpathogenic and pathogenic gram-positive bacteria with respect to the induction of cytokines in PBMC. These in vitro data may also reflect the common immunosuppression observed in patients undergoing endotoxemia (2, 14) .
Our interest was then focused on the identification of the cellular subpopulations activated by different bacterial strains. The analysis of activation antigens CD69 and CD25 (IL-2R␣ chain) in stimulated PBMC bulk cultures indicated that only NK cells upregulating both markers were activated by bacterial treatment, although the PHA control suggested that all lymphocyte subsets (CD4 ϩ , CD8
ϩ , and CD19 ϩ ) responded normally to a mitogenic stimulus. Low expression of CD69 on CD8 ϩ cells after bacterial treatment could be attributed to a contamination with CD8dim NK cells rather than a specific activation of CD3 ϩ CD8 ϩ T cells. Proliferation of PBMC following bacterial stimulation was demonstrated for all bacteria after 5 days in culture. However, proliferation of isolated lymphocyte subsets was only observed with CD3 Ϫ CD56 ϩ NK cells. The fact that the proliferative response with purified NK cells was 10 times lower than with total PBMC could be due to (i) a selective stimulation of a particular NK cell subset or (ii) the dependence on accessory cells for complete activation. A variety of NK cell receptors, implicated in activation or inhibition of NK cell effector functions, e.g., proliferation and cytolytic activity, have been described recently (22, 29, 36) . Thus, the phenotypic characterization of the responsive NK subpopulation will provide further information on the specificity of the interaction with bacteria.
Coculturing purified NK cells with bacterially primed macrophages revealed that expression of CD25 is strongly promoted in the presence of an accessory cell, indicating the requirement for cell contact-based signals for activation. This could be mediated by the interaction of costimulatory molecules, such as CD28, CD16, or the CD94 receptor complex, which were shown to be expressed on human NK cells and which have key roles in expansion and effector functions (12, 41, 42) . The dependence on accessory cell function was also reflected by the selective induction of IFN-␥ secretion from NK cells in the presence of L. johnsonii-primed macrophages or in coculture with macrophages and L. johnsonii. The synergistic effect on NK cell activation observed in the combination of macrophages and bacteria is likely to be based on the additional secretion of monokines, which engage constitutively expressed monocyte-derived cytokine receptors on NK cells (9) .
Although the secretion of cytokines required the presence of accessory cells, a direct interaction between bacteria and NK cells, leading to activation, was demonstrated. This interaction was more intense with L. johnsonii than with E. coli and could be linked to different bacterial cell surface determinants, which may constitute the molecular basis for specific immunomodulatory properties. It is reported that lactobacilli interact with asialo-GM1 receptors on epithelial cells (11, 43) . Expression of this receptor on murine NK cells is also reported (33) , and it may also constitute a putative receptor on human NK cells to mediate activation by bacteria (30) . Furthermore, the oral administration of L. johnsonii to healthy volunteers increased the phagocytic activity of PBMC, suggesting that this stimulation could take place within the normal homeostasis of the immune system (37) . Thus, activation of monocytes/macrophages seems a common denominator for both the in vivo observation fol- lowing LAB ingestion and the in vitro data showing that L. johnsonii-primed monocytes mediate NK cell activation and subsequent IFN-␥ secretion.
NK cells play an important role in innate immune resistance, particularly through synthesis of the proinflammatory cytokine IFN-␥. Recently, only a small role for NK cells in the early production of IFN-␥ after infection of mice with Listeria monocytogenes was claimed (33) . Our data suggest that NK cells, as well as macrophages, constitute primary targets for bacterial stimulation. This is consistent with previous observations that IFN-␥ production in response to bacteria requires NK cells but not T cells (1) . IFN-␥ production in vitro by activated NK cells is highly dependent on the presence of IL-12, which induces effector maturation and expansion of NK cells and CD8 ϩ T cells. Those cells which encounter first a foreign antigen play an important role in determining whether a Th1-or Th2-biased immune response is mounted to an antigenic challenge. IL-12 is implicated in the mechanisms of an innate immune response and, at the same time, shifts a developing immune response towards the "on" set of cell-mediated immunity, which constitutes one major part of acquired immunity (17) . It has been clearly established that IL-12 and IFN-␥ mediate protective functions against intracellular pathogens by inducing monocyte/macrophage activation (24, 40) .
It is essential that NK cell activity remain under stringent and finely tuned control. The system of inhibitory and stimulatory receptors and the cytokine microenvironment allow the control of NK cell responses (10, 19) . The role of NK cells in the recognition of commensal bacterial signals, in part mediated by monocytes, has not been established. The fact that we demonstrated the induction of a distinct immune response in human PBMC by nonpathogenic bacteria should encourage further work to understand the physiology of bacterial interaction with host cells.
